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ABSTRACT. - Rodlet cells (RCs) of the alimentary tract were studied in lizardfishes (Synodontidae) of the three major 
genera: Synodus, Trachinocephalus and Saurida, collected from the Mediterranean, the Red Sea, the South-African coast 
and the Great Barrier Reef (GBR), Australia. In the studied species two forms of RCs were revealed: one elongated, resem¬ 
bling those previously described from other fishes; and a second, bulbous in form, which was discovered in two species 
only, Saurida filamentosa and S. argentea from the GBR. In all species studied the cells are situated in the mucosal epithe¬ 
lium: the elongated form close to the luminal surface of the epithelium, and the bulbous form deep among the other cells. 
The two forms also differ in their microstructure, and their different positions in the epithelium activate different paths for 
release of the rodlets into the lumen. Each cell contains 15-30 rodlets, which change from round to needle-shaped during 
maturation, and are later released into the gut lumen. The development of the rodlets and the possible role of the RCs are 
discussed. 


RESUME. - Les cellules a batonnets dans les voies alimentaires de trois genres de poissons lezard (Aulopiformes, Syno¬ 
dontidae) ; des elements supplementaires sur ces enigmatiques “gardiens de portes” des poissons. 

Les cellules a batonnets (RCs) des voies alimentaires ont ete etudiees dans les trois genres majeurs de Synodontidae : 
Synodus, Trachinocephalus et Saurida, recueillis en mer Mediterranee, en mer Rouge, sur la cote d’Afrique du Sud et de 
la Grande Barriere de Corail (GBR) en Australie. Dans les especes etudiees, deux formes de RCs sont observees : une 
allongee, qui ressemble a celles qui ont ete decrites anterieurement chez d’autres especes et une seconde forme bulbeuse, 
trouvee seulement chez deux especes, Saurida filamentosa et S. argentea de GBR. Chez toutes ces especes, les cellules 
sont situees dans Tepithelium muqueux : la forme allongee proche de la surface luminale de la muqueuse et la bulbeuse en 
profondeur parmi les cellules muqueuses. Les deux formes different aussi dans leurs microstructures et leurs differentes 
positions dans l’epithelium activent des chemins differents concemant la liberation des batonnets a l’interieur du lumen. 
Chaque cellule contient 15 a 30 batonnets qui, pendant la maturation, se transforment d’une forme ronde a une forme plus 
aculeiforme et ensuite sont liberes dans la lumiere intestinale. Le developpement des batonnets et le role possible des cellu¬ 
les a batonnets sont discutes. 
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The study of rodlet cells (RCs) found in the epithelial 
layers of various fish organs offers an exceptional exam¬ 
ple of a scientific controversy, in which different research¬ 
ers offer different explanations for the same phenomenon. 
To begin with, some historical facts: the RCs were first 
described by Thelohan (1892) and Laguesse (1895) short¬ 
ly afterwards named them Rhahdospora thelohani, plac¬ 
ing them as a coccidian parasite of the Apicomplexa order. 
This cell is prominent in its strong cover and small, dense 
bodies (rodlets) of a proteinous nature, situated in the cell 
cytoplasm (Fig. 1). Each rodlet is surrounded by a sac, 
which according to various authors is of a glycoproteinous 
nature (e.g., Bielek, 2002). Following the initial description 
and until very recently, some researchers continued to rec¬ 
ognize the RCs as unique “inhabitants” or parasites of the 


teleost fish skin and internal tissues (e.g., Mayberry et al., 
1979; Agulleiro et al., 1986), while others perceived them 
as specialized granular eosinophilic or inflammatory cells, 
forming an endogenous part in the immune-system that 
“safe-guards” the fish from parasitic organisms or harmful 
chemical substances (Manera and Dezfuli, 2004; Silphad- 
uang et al., 2006; Dezfuli et al., 2007a, 2007b). Reite (2005) 
coined the term “standing force” for them, in combating the 
parasitic helminthes. Densmore et al. (2007) in contrast, did 
not find a correlation between parasites in fish and the occur¬ 
rence of RCs. Barber et al. (1979) showed that these rodlets 
do not possess RNA and that their DNA seems to differ 
from that of their rodlet-cell nuclei. Viehberger and Bielek 
(1982), using various methods of labeling, argued that the 
rodlets consist in condensed DNA “with extraordinary con- 
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Figure 1. - SEM and TEM of rodlet cells. A: Longitudinal section of a rodlet cell of Saurida tumbil; B: Ibid, of Saurida filamentosa; 
C: Cross-section of rodlet cell of Saurida argentea; D: immature rodlet cell of 5. filamentosa; E: Section of rodlet cell capsule of Synodus 
variegatus (inset, enlarged rectangle of the same); F: Apical part of rodlet cell of Sauria macrolepis ; G: ER and mitochondria in rodlet cell 
of Saurida tumbil, H: Section of a rodlet cell capsule of Synodus variegatus', I: Cross- section of rodlet cell of S. macrolepis. c, rodlet cell 
capsule; co, conoid; ec, epithelial cells; er, endoplasmic reticulum; h, nuclear heterochromatin; jr, immature rodlet cell; mv, microvilli; 
n, nucleus of epithelial cell, nr, nuclei of rodlet cell; r, rodlet; sp, two layers in a rodlet; sr, sac of rodlet; ve, vesicles of ER; black arrow 
and aster, inner layer along the capsule of rodlet cell; white arrow, sac of rodlet; double arrow, fragmented ER tubules; black arrowhead, 
opaque cut section of filaments; white arrowhead, microtubules. 
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figuration”, while Barber and Mills Westermann (1986a), 
following the bleaching of rodlets by EDTA and DNase 
digestion, strongly suggested their DNA content. Fishelson 
and Becker (1999) revealed that not all specimens of a single 
species possess these cells. The studies by Schmachtenberg 
(2007) and Bielek (2008) are also less conclusive; indeed, 
the majority of pertinent studies on this issue have questions 
that have remained at least partly open: namely, are the RCs 
“unique parasites” specific to bony fish, or are they a unique 
evolutionary invention of the non-specific fish immune sys¬ 
tem? The first review on RCs was published by Mayberry 
et al. (1979) and the most recent ones by Manera and Dez- 
fuli (2004) and Bielek (2008). These enigmatic cells have 
been observed to date in different organs of various species 
of bony fish belonging to ca. 35 families, found in fresh as 
well as marine waters (Manera and Dezfuli, 2004). The lat¬ 
ter review summarizes most of the current knowledge on the 
distribution of RCs in the various organs of fishes, including 
an extensive list of the pertinent literature. The more recent 
studies on these cells have revealed their existence also in 
the sensory systems of the zebrafish (Dezfuli et al., 2007b). 

The present study deals with species from the three 
major genera, Saurida, Synodus and Trachinocephalus , of 
lizardfishes (Synodontidae) collected from various regions 
(Tab. I). It forms a natural continuation of our study of the 
alimentary tract of these fishes (Fishelson et al., 2011), and 
our earlier interest in the RCs (Fishelson and Becker, 1999). 
In this latter study we suggested that the endothelial cells of 
the fish are invaded by an “external organism” that uses them 
as host and carrier, an idea also adopted by Schmachtenberg 
(2007). 

The lizardfishes (Synodontidae) are lie-in-wait predators 
of up to 600 mm standard body length (SF), feeding mainly 
on fishes. They are found from the most shallow, subtidal 
waters, to around 800 m depth, and in some regions are com¬ 
mercially important (Golani and Ben-Tuvia, 1995). 


MATERIALS AND METHODS 

The studied lizardfishes were collected along the Israeli 
part of the Eastern Mediterranean, the Red Sea, and off the 
Great Barrier Reef of Australia. Well preserved specimens 
were also donated by various museums (Tab. I). Freshly 
collected fishes were preserved on ice until processing. The 
alimentary tract was dissected out and fixed in 3.5% glutar- 
aldehyde+1% formaldehyde for electron microscopy (EM), 
and in Bouin solution for light microscopy (LM). Follow¬ 
ing 12 h fixation, samples for LM were washed in water and 
ascending grades of ethanol, followed by dehydration and 
embedding in paraplast. The 8-10 pi n sections from these 
blocks were stained with hematoxylin-eosin, Masson’s tri¬ 
chrome, toluidine, and cresyl-violet. The sections were 
studied with a Lieder microscope; photos were taken with a 
Dino digital camera attached to the PC. For electron micro¬ 
scopy (EM), the samples were divided into two parts: one 
for transmission electron microscopy (TEM) and the second 
for scanning electron microscopy (SEM). The samples for 
TEM were post-fixed in osmium-tetraoxide and embedded 
in Epon. Blocks of this material were cut and the resulting 
serial microsections were stained with uranyl acetate and 
lead citrate, studied with a JEOL 1200 EX for TM-micro- 
graphs and photographed with a built-in digital camera. For 
SEM, the samples passed ascending grades of ethanol, and 
were then CO 2 saturated, point-dried, gold-plated and stud¬ 
ied with a JEOL 840 A, with a built-in ADDA (Olympus) 
digital camera for microphotography. The number of RCs/ 
section of gut was calculated by counting them from 6-8 
cross-sections. 


RESULTS 

Form of the rodlet cells 

Rodlet cells (RCs) were found along the alimentary tract 
of all the studied species of liz¬ 
ardfishes, especially dense in the 
stomach wall, situated within the 
mucosal epithelium (Fig. 1A) and, 
except for a small junction at their 
apical part, without clear desmo- 
somal junctions to the surrounding 
epithelial cells along the epitheli¬ 
um. Two forms of rodlet cells were 
observed in the studied lizardfishes: 
one elongated (Fig. 1A), in which 
the long axis of the cell is 2.5-3.5- 
fold longer than the short one. Sim¬ 
ilar RCs were observed in numer¬ 
ous fish species, and revealed by us 
in specimens of all three genera of 


Table I. - Data on the studied lizardfishes. AU: Australia; GBR, off Great Barrier Reef; SRS: 
southern Red Sea; GA: Gulf of Aqaba; RS: Red Sea; EM: East Mediterranean; MS: Mediter¬ 
ranean Sea; SL: standard length (in mm); *: also recognized as Saurida undosquamis. 


Species 

SL 

No. of 
specimens 

Origin 

Saurida macrolepis (Tanaka, 1917)* 

45-320 

10 

RS, EM 

Saurida argentea (Macleay, 1881) 

182,230 

2 

AU (GBR) 

Saurida filamentosa Ogilby, 1910 

180-210 

3 

AU (GBR) 

Saurida undosquamis (Richardson, 1848) 

325,360 

2 

AU (GBR) 

Saurida tumbil (Bloch, 1975) 

35-470 

5 

SRS, GA 

Saurida gracilis (Quoy & Gaimard, 1924) 

128-109 

3 

Taiwan 

Synodus variegatus (Lacepede, 1803) 

60-145 

6 

GA,RS 

Synodus kaianus (Gunther, 1880) 

110,120 

2 

Hawaii, Malokai 

Synodus saurus (L., 1758) 

110-165 

4 

MS 

Trachinocephalus myops (Forster, 1801) 

86-115 

6 

GA 
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Figure 2. - Maturing RCs. A: Cross-section of a rodlet and its sac of Saurida undosquamis: B: Longitudinal section of a rodlet and its 
membrane of S. undosquamis ; C: Longitudinal section of rodlet cell of Saurida macrolepis; D: Cross sections of four RCs (upper right, 
shrinking (apoptotic nucleus) of S. macrolepis ; E: Longitudinal section of rodlet “sitting” on the rudiments of nucleus of Synodus saurus; 
F: Section of a displaced rodlet cell of Saurida filamentosa; G: Apical part of a rodlet cell of Saurida tumbil; H: Rodlet cell of S. mac¬ 
rolepis ; I: Rodlets and their fragments in the stomach lumen of Synodus kaianus', J: Apical neck formation in rodlet cell of S. filamentosa', 
K, L: Needle-shaped rodlets along the capsule extension and liberated of S. filamentosa. c, capsule; co, “conoid”; e, empty space; ec, 
epithelial cells; 1, lumen of stomach; m, mitochondria; n, nucleus; na, nucleus in apoptosis; r, rodlets; rc, rodlet cell; rs, sac of a rodlet; 
black arrow, inner layer of rodlet cell; white arrow, an outer envelope of the rodlet cell capsule; white arrowhead, membrane of rodlet sac 
apposed tightly to ER membrane. 
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lizardfishes ( Saurida, Synodus, Trachinocephalus) from the 
Mediterranean Sea, the Red Sea and the South-African coast. 
These RCs are situated between the apical parts of cells of 
the mucosal epithelium, with their slightly pointed collar¬ 
like apex almost exposed to the alimentary tract lumen. The 
second, different, form of RCs was revealed in Saurida fila- 
mentosa and .S', argentea collected off the Great Barrier Reef. 
Their RCs are of a bulbous form and upon maturation they 
develop an elongated neck (Fig. IB, C). In most instances 
such RCs were found situated deeply among the epithelial 
cells, closer to the basal membrane of the epithelium. The 
RCs described from Phoxinus by Dezfuli et al. (2000) bear 
slight resemblance to these cells. 

In the studied lizardfishes the immature RCs were of 
3-4 pm, and on some sites some of these were found in the 
stomach, bordering the gastric gland-layer (Fig. ID). 

In most species of fish studied, with growth such imma¬ 
ture RCs change in form: from oval, rounded at the apical 
ends, and rounded or round in cross-section, to elongate 
when mature, tapering toward the intestinal lumen (Fig. 1 A). 
Such mature and elongated cells are circa 12-14 pm in 
length and 4 pm in diameter. An exception was found in 
Saurida tumbil and in some S. macrolepis, in which mature 
RCs attained up to 20 pm in length and 6-8 pm in diameter. 
However, in S .filamentosa and S. argentea the round imma¬ 
ture RCs retained bulbous throughout growth attaining only 
10-12 pm in length and diameter (Fig. IB, C). Finally, such 
RCs develop a long apical “neck” (Fig. 2J) 

The cytological structure of the RCs in the lizardfishes 
resembles that of these cells in other fish families, with two 
prominent features: the cell is surrounded by a thick mem¬ 
brane or capsule, attached inside with the host-cell plas- 
malemma and the cytoplasm of the cell bears a number of 
opaque bundles of rodlets, each embedded in a less opaque 
sac (Fig. 1A, C). 

The rodlet cell capsule 

In immature RCs of 3-4 pm in diameter the encapsulat¬ 
ing membrane is 8-10 nm thick, closely merging with the 
cell plasmalemma; in mature RCs the cell membrane is but¬ 
tressed by a fibrillar capsule, ca. 400 nm thick (Fig. IB, E) 
in the elongated RCs, and up to 500 nm thick in the bulbous 
RCs. This capsule, in addition to filaments, features longitu¬ 
dinal bundles of microtubules (Fig. IE and inset, rectangle 
of E). Each of these tubules is 12-14 A, extending partly par¬ 
allel to the long axis of the cell, and partly winding, ending 
at the cell membrane. Cross-sections of such end-points of 
the tubules reveal opaque plugs (Fig. IE, H, I). 

The inside of rodlet cells 

The cytoplasm of the RCs is rich in endoplasmic reticu¬ 
lum (ER) (Fig. 1G), a few mitochondria and a large, basally- 
situated ellipsoid nucleus, prominent in the opaque hetero¬ 


chromatin along its membrane (Fig. 1A). The first miniature 
rodlets appear in RCs of 3-4 pm (Fig. 1G), surrounded by 
a closely-attached membrane (Fig. 1H), which accord¬ 
ing to Bielek (2008), is part of the ER network. With cell 
growth, the rodlets increase in dimensions, attaining up to 
2 pm in cross-section, closely attached to the cell nucleus 
(Fig. II). Each rodlet is composed of a dense mass of dark 
granular bodies (Fig. 2A), frequently forming tubular struc¬ 
tures . Toward their periphery the density of the dark rodlets 
decreases, with their dispersion into the less opaque cyto¬ 
plasm of the rodlet-sac, often revealing two layers of dif¬ 
ferent densities (Fig. II). Each rodlet sac is surrounded by a 
membrane, often aligned with membranes of the endoplas¬ 
mic reticulum (Fig. 2B). The number of rodlets increases 
with growth of the cell, and the rodlets gradually change 
from round to elongate (Fig. IF, 2C, E). In parallel, their 
sacs inflate, elongating to match the rodlet form, and becom¬ 
ing less opaque. Concomitantly, the RCs nuclei change from 
oval to irregular, and their rim of opaque heterochromatin 
narrows, leaving small opaque sites only (Fig. 2D). Some of 
these nuclei seems to demonstrate various stages of apop¬ 
tosis (Fig. 2D, upper left). In numerous instances, the form 
and dimensions of the rodlets were observed to match the 
irregularities observed in the adjacent nucleus as if indent¬ 
ing it (Fig. II, 2D. Rodlets were also frequently observed to 
be “attached” to the remnants of the nucleus (Fig. 2E, G). In 
ripening RCs the number of such rodlets increases from 3-4 
to 23-30 in the Australian Saurida filamentosus , and paral¬ 
lel to this the cell nucleus undergoes “shrinkage” in size and 
finally disappears (Fig. 2C, F). 

With maturation of the rodlets and their strong elonga¬ 
tion, their sacs too strongly elongate. The apical ends of these 
rodlets conjoin and progress toward the stomach and intesti¬ 
nal lumen (Fig. 2C, G). Parallel to this the RCs cytoplasm 
becomes more translucent, and the ER forms vacuoles and 
disintegrates. At this stage an internal opaque rim, of unclear 
origin, forms along the inside of the cell capsule (Fig. 1C, 
2F) and outside it (Fig. 2H). The rodlets, when mature for 
release, are all needle-shaped, 1-1.3 pm long (Fig. 2C, E), 
frequently observed at the opening into the lumen or out¬ 
side it, often fragmenting into small particles at the opening 
(Fig. 2G, I). In Synodus variegatus, Trachinocephalus myops 
and Saurida macrolepis the apical part of the RCs is situated 
close to the lumen and forms a short cytoplasmic “neck” that 
resembles the conoids of coccidian parasites (Fig. 2C). 

However, in maturing bulbous RCs of Saurida filamento¬ 
sa and S. argentea, situated deep among the epithelial cells, 
an extension of the “conoid” gradually develops that pen¬ 
etrates apical among the epithelial cells (Fig. 2J, K). Inside 
and along such extensions the needle-shaped rodlets pro¬ 
trude toward the alimentary tract lumen (Fig. 2F, M). At the 
apical ends of such mature RCs their capsule wall degrades, 
becoming thinner and irregular (Fig. 3A), and finally opens 
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Figure 3. - Parts of RCs. A: Weakened apical membrane in rodlet cell capsule of Saurida macrolepis', B: Empty rodlet cell capsule of 
Saurida filamentosa; C: RCs exposed on stomach inner surface of Saurida tumbil (inset, free RCs in the gut); D: Penetration of phagocyte 
cytoplasm into rodlet cell of S. filamentosa; E: Similar in 5. macrolepis. c, capsule of rodlet cell; cp. cytoplasmic extension of phagocyte; 
ec, epithelial cells; gg, goblet gland cells; m. mucus; mi, microvilli; n, nucleus of rodlet cell; np, nucleus of phagocyte; o, opening in the 
capsule; r, rods; rc, rodlet cells; arrow, apical thinner site of rodlet cell capsule. 
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to expose the cell-content to the alimentary tract lumen. As 
a result, RCs capsules often remain intact, embedded among 
the mucosa cells (Fig. 3B). 

At this stage, entire RCs are often found in the gut, above 
the lumenal epithelium, especially following pressure on the 
walls as a result of engulfing larger prey, and the contraction 
of the epithelial folds and secondary villi of the epithelium 
(Fig. 3C and inset). In several instances RCs were revealed 
in the stomach wall with damaged capsules and lobopodia- 
like protrusions of macrophages (phagocytes) penetrating 
into the cell (Fig. 3D, E). 

Number of rodlet cells 

The number of RCs observed per microscopic section dif¬ 
fered in the various parts of the alimentary tract. For exam¬ 
ple, in cross-sections of the upper part of the stomach ca. 
18-22 RCs/secondary villum were observed, whereas 35-50 
RC/secondary villum were revealed in the central part of the 
stomach. On such sites 280-360 RCs were counted per 10 pm 
cross-section of an 8 mm wide stomach in Saurida tumbil 
and S. macrolepis , as well as in Synodus kaianus while the 
lowest number, 80-140 per such cross-section of the stomach, 
were found in Sy. variegatus and Trachinocephalus myops. In 
all species studied, with increase in fish standard length (SL) 
an increase in the number of RCs per section of the alimen¬ 
tary tract was observed. For example, in juvenile specimens 
of S. tumbil and S. macrolepis of 50 mm SL, only 8-10 RCs/ 
villum section were exposed in the stomach, and only a few 
dispersed cells were observed in the intestine. The lowest 
number of RCs was observed in the pyloric ceca and poste¬ 
rior tapering end of the stomach in all species studied. 

Comparing the dimensions of sites occupied by the RCs 
in the tracts of adult fishes, with the surface dimensions of 
the epithelium in which they reside, revealed that in Synodus 
variegatus and Trachinocephalus myops ca. 5.0-7.0% of this 
epithelium is displaced by the RCs. In adult Saurida tum¬ 
bil along 1 mm of mucosal epithelium of a secondary villum 
circa 20 ripe RCs were found, occupying 0.45-0.5 mm of the 
site, displacing almost 50% of the regular epithelial cells, 
and thereby blocking several pits of gastric tubular glands 
situated below this epithelium and opening into the lumen 
(Fishelson et al., 2011). 

DISCUSSION AND CONCLUSION 

Rodlet cells have been found in all the 35 fish families 
studied for the presence of this remarkable cell (Manera 
and Dezfuli, 2004). The present study of lizardfishes (order 
Aulopiformes) adds the 36 th family in which RCs have been 
found. Although studied for more than a century, the origin 
of these cells remains enigmatic. Today most invertigators of 
RCs perceive them as “natural and endogenous” cells of tel- 


eost fish, recently also expressed by Jordanova et al. (2007), 
describing them from the liver of Salmo lentica. However, 
despite this, the origin in the fish of these enigmatic cells 
remains unclear. As demonstrated by Fishelson and Becker 
(1999) for Cyprinus carpio, and recently by Reite and Even- 
sen (2006) for some marine fishes, not in all specimens of a 
species the RCs are present 

The gross-morphological structure of RCs observed in 
the alimentary tract of several species of the studied lizard¬ 
fishes of the genera Saurida, Synodus and Trachinocephalus , 
reveals them to be of two forms: one elongated-round with a 
tapering apical part adjacent to and facing the tract lumen. 
Such cells open directly into the lumen of the gut, liberating 
their rodlets and thereby closely resemble the RCs described 
in other bony fish by various authors, and summarized in the 
review by Manera and Dezfuli (2004). 

However, the RCs in the gut of Saurida filamentosa and 
.S', argentea from Australia differ strongly from this structure, 
not only by being bulbous; they are situated deep among the 
surrounding epithelial cells, closer to the basal membrane 
and not to the surface. As a consequence, the maturing RCs in 
this form develop a longer “neck” extending between the epi¬ 
thelial cells and their rodlets must move along a path between 
neighboring cells before arriving at the luminal surface of the 
intestine. This path is formed by separation of the surrounding 
membranes of the epithelium cells. Microvillii or other exten¬ 
sions of RCs into the gut lumen, as observed for cyprinid and 
other fishes (Iger and Abraham, 1977; Fishelson and Becker, 
1999), were not revealed in the studied lizardfishes. 

As shown by Leino (1974) and demonstrated in the 
present study, the fibrillar capsule of the RCs also includes 
numerous microtubules, 10-12 A diameter, which extend 
parallel to the RCs long axis, interwoven with obliquely-run¬ 
ning fibrillae. Such ca. 400-500 nm thick capsules have not 
been observed in any endogenous cell-types of fishes, espe¬ 
cially not in the granulocytes, as otherwise argued by some 
researchers (e.g., Manera and Dezfuli, 2004). Such capsules 
possibly provide the RCs with improved elasticity when 
compressed between normal epithelial cells, while also pro¬ 
tecting against the harmful actions of phagocytes and other 
immune-reactive elements. The micro-tubular structure of 
the capsule is of interest, in that EM cross-sections of such 
tubules at the RCs surface revealed opaque dots along the 
membrane, recognized in some instances as desmosomal 
junctions with neighboring epithelial cells (e.g., Imagawa et 
al., 1998; Manera and Dezfuli, 2004). Kramer et al. (2005) 
also described desmosomes between RCs and surrounding 
cells; however, closer examination of their figures does not 
reveal such inter-cellular connections, typical for desmo¬ 
somes (e.g., Delva et al., 2009). In the present study, except 
for the opaque occurrence of such dots, groups of fibrils and 
cross-membrane connections typical for desmosomes were 
not observed, except for possible junctions of the cell-neck 
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to the neighboring epithelial cells. No desmosomal junctions 
of RCs with epithelial cells were observed in the head kid¬ 
ney of carp by Fishelson and Becker (1999). 

With the formation of the intravascular opaque line, 
slightly larger tubules extend along the interior of the cap¬ 
sule, which seem to be part of the ER system of the cell, and 
possibly serve for metabolic activity, including cell growth. 
According to Bielek (2008), the origins of rodlet deposition 
lie in the vesicular extensions of the ER, which later form the 
rodlet sacs, with participation of Golgi elements. Is it possi¬ 
ble that these sac membranes form a protective shield during 
development of the rodlets? 

In several instances the rodlets were observed to possess 
two layers of different densities. According to Leino (1982), 
the inner core of such rodlets is rich in proteins, while the 
outer layer is rich in carbohydrates and proteins, possibly 
forming a protective (glycoprotein) layer of the rodlet. 

Concomitant with growth in number and dimensions of 
rodlets in the RCs, the cell-nucleus decreases in dimensions 
and changes in form, as if the rodlets have been “sucked- 
out” from a part of the nucleus body. The observed “anchor¬ 
ing” of rodlets in the nucleus would seem to be connected 
with this change. 

Various functions have been ascribed to the RCs by 
various authors, of which the “immunological approach” is 
especially prominent, summarized in the review by Manera 
and Dezfuli (2004). Iger and Abraham (1997) recognized 
a proteolytic activity of RCs and their antiparasitic activity 
was noted by several authors (Reite, 1997; Manera and Dez¬ 
fuli, 2004; Dezfuli et al., 2007a, 2007b). Furthermore, Kopo- 
nen and Myers (2000), studying the RCs in the freshwater 
bream, perceived a high expression of these cells as indica¬ 
tors of peak parasite occurrence. Kramer and Potter (2002), 
revealing RCs in the head kidney of Xiphophorus macula- 
tus, argued that cells are transported “on demand” from this 
site to various infected organs of the fish. The basis for such 
thinking lay in the observed larger numbers of RCs in fish 
infected by helminthes and other parasites, as well as in fish 
artificially or naturally exposed to harmful xenobiotics. Reite 
(2005) defined the RCs as a “defending force” developed by 
evolution, to combat harmful interventions in fish, and Dez¬ 
fuli et al. (2000) saw in them “inflammatory cells”, and even 
suggested the use of the number of RCs present as a biomar¬ 
ker for environmental quality of the studied fish. However, 
we can also perceive the high number of RCs/high number 
of parasites in the fish from precisely the opposite direction: 
namely, fish populated by parasites or influenced by alien sub¬ 
stances possess a weaker immune-system (“flies flock to sick 
horses”), and as such they are more vulnerable to increased 
numbers of RCs initiators. Kramer and Potter (2003), reveal¬ 
ing the occurrence of RCs in embryos and neonates of the 
live-bearing Xiphophorus maculatus , showed this as evidence 
for the endogenous origin of these cells. However, in vivipa¬ 


rous fish the developing embryo and neonates are physiologi¬ 
cally exposed to the mother-fish (matrotrophy), and in such 
cases the exchange of material, and possibly RCs-initiators, 
is to be expected. Together with this we should bear in mind 
that the observed high numbers of RCs in the mucosal epithe¬ 
lium constitutes a burden on the digestive and transport func¬ 
tion of this cell layer, as they displace and occupy sites other¬ 
wise belonging to cells actively involved in food absorption. 
Alvarez-Pellitero (2008) in his paper on turbot notes that the 
mucosal epithelium constitutes the primary barrier that pro¬ 
tects the fish internally from pathogens. The openings into the 
lumen by the numerous RCs at least partly impact this effec¬ 
tive barrier. The observed “devouring” of RCs by phagocytes, 
also described by Richards et al. (1994), is of special interest 
when discussing the nature of these cells. Recently, studying 
the occurrence of piscidine, the antibacterial peptide in tel- 
eosts Silphaduang et al. (2006) following a study of ca. 15 
fish species, claimed the exposure of this peptide in the RCs 
of gill in one of four studied specimens of the cichlid Oreo- 
chromis niloticus. Closer examination of their LM figures, 
however, does not enable to identify the marked cells as RCs. 

Among all these debates, the study by Viehberger and 
Bielek (1982) is important in demonstrating that the rodlets 
are laden with DNA, and that this DNA presumably differs 
in configuration from the DNA of RCs nuclei; as are the 
studies by Barber and Westermann (1986a, 1986b), which, 
following histochemistry and DNA-gold labeling, suggested 
a dual origin of RCs, recognizing in the rodlets an invasive 
pathogen “of unknown phylogeny”, a position also discussed 
by Fishelson and Becker (1999). At this stage we can quote 
Bielek (2008), that: “The questions of function and nature 
of RCs are still in debate”; and Alvarez-Pellitero (2008), 
that “the precise role of this enigmatic cell deserves farther 
investigations”. 

Revealing two different forms of RCs in the lizardfishes, 
one elongated, as observed also in other fish families, and 
a new, bulbous, “peach-like form”, as observed in the Aus¬ 
tralian species of lizardfishes, Saurida filamentosa and S. 
argentea , raises a new question: are we dealing with a vari¬ 
ation of one form, or are we in fact looking at two different 
types that await farther studies? 
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